Facts without theory is chaos, theory without facts is fantasy.
The first and most successful case of classical biological control was the introduction in 1888 of the Australian ladybird, Rodolia cardinalis, into California, for the suppression of cottony-cushion scale, Icerya purchasi. The threat to citrus production posed by this scale insect was successfully averted (Doutt, 1964) and over one hundred years on this beetle is still effective in keeping the numbers of the scale well below the economic threshold. This outstanding success resulted in the widespread and haphazard introduction of natural enemies, especially ladybirds, which has been referred to as the 'ladybird fantasy' period (Lounsbury, 1940) . This was in part also possibly fuelled by the way ladybirds had been perceived for centuries. They are often seen as harbingers of good weather or fortune. In Czech they are called slunička -small suns, and in Japanese tento mushi -sun-loving insects. The Vikings dedicated the seven-spot ladybird to the wife of Odin, Frigg, the goddess of domestic conjugal love, and called it Friggahönna. Generally for Norsemen ladybirds were believed to predict the harvest. If they had more than seven spots, bread would be dear, if seven or fewer the harvest would be abundant and prices low. Interestingly, many of the species with large numbers of spots are fungal feeders and their presence in noticeable numbers would indicate a high incidence of fungal diseases, and if associated with cereals a poor grain yield. After the rise of Christianity Frigg was replaced by the Holy Virgin and so the present names originated. The prevalence of holy attributes in their common names in all European languages possibly indicates a widely held belief that they are harbingers of good tidings.
When I first studied ladybirds forty years ago I also was impressed by the success of Rodolia in dramatically reducing the abundance of Icerya, especially as this contrasted very markedly with my results, which indicated that the ten-spot ladybird was a very ineffective predator of aphids (Dixon, 1959) , and with the many unsuccessful biological control programmes against aphids involving the use of ladybirds. This stimulated the question: why are some ladybirds successful biocontrol agents and others not? An increasing interest in aphids distracted me from thinking more deeply about this problem. However, I have been fortunate in that three students -Michael Carter, Nick Mills and Lesley Stewart -and seven colleagues -Basant Agarwala, Ted Evans, Ivo Hodek, Zdenek Růžička, Hironori Yasuda, and above all Jean-Louis Hemptinne and Pavel Kindlmann -have kept my interest in ladybirds alive and made me think more deeply about the paradox posed by the marked differences in the ability of ladybirds to suppress the abundance of their prey. Ted, in convincing me that I should pay more attention to the oviposition behaviour of adults, played a major role in initiating the conceptual approach to ladybird foraging strategies adopted here.
The books on ladybirds by Hodek & Honěk (1996) , Klausnitzer & Klausnitzer (1997) and Majerus (1994) give excellent general accounts and coverage of the extensive literature. However, in attempting a complete coverage they have not the freedom to explore any one topic in depth, although the particular interests of the authors are reflected in the numbers of pages devoted to particular topics. There have been three reviews of the literature on predaceous ladybirds, the first by Hagen (1962) , the second by Hodek (1967) and the third by Obrycki & Kring (1998) . Both Hagen and Hodek comment on the effectiveness of ladybirds in classical biological control and agree that aphidophagous species are less effective than coccidophagous species. Hagen is generally more positive about their role with the qualification that aphidophagous species cannot be relied on for control at certain times. Hodek attributes the poor success of aphidophagous species to their slow rate of development compared with that of their prey and to their arriving too late. However, when acting in combination with other natural enemies of aphids they are believed to be effective. Obrycki & Kring, although noting that coccinellids have been widely used in biological control for over a century, did not account for the successes and failures, but concentrated on technology and practice rather than the pattern and process of ladybird-prey interactions.
Although the results of studies on ladybirds are frequently used by theoreticians to illustrate the types of foraging behaviour shown by insect predators, the dynamics of ladybird-prey interactions have rarely been rigorously analysed. Crawley (1992), however, in his book Natural Enemies uses a ladybird-aphid study to illustrate his chapter on population dynamics of natural enemies and their prey. The study cited was that of Frazer & Gilbert (1976) , which analyses the interaction between Coccinella trifasciata and the aphid Acyrthosiphon pisum on alfalfa in the field. Crawley follows the authors of this study in attributing the ineffectiveness of the ladybird to it not having enough time to find sufficient prey so that prey survival rate never fell to zero. He also follows the authors in championing the suggestion that the most important aspect of insect predator-prey dynamics is the difference in the lower temperature thresholds of the predator and prey. As the ladybird's lower temperature threshold is substantially higher than the aphid's the ladybird is unlikely to have a significant impact on the aphid's abundance, because the ladybird always arrives too late to prevent aphid population build-up. As the thermal thresholds of insects are likely to be subject to natural selection (cf. Campbell et al., 1974) it is relevant to ask why the lower thermal threshold of ladybirds should differ from that of their prey. The suspicion is that the difference is adaptive rather than maladaptive as implied above. Similarly, Gutierrez (1996) uses data collected for aphidophagous ladybirds to build a general model of predator-prey interactions the predictions of which are compared with the dynamics of ladybird-aphid and ladybird-coccid interactions observed in nature. Although he pursues a very commendable aim in attempting to draw out the commonalities in such interactions and generalizing, he like others (e.g. Kareiva & Odell, 1987; Skirvin et al., 1997) gives little consideration to whether the behaviours ascribed to adult predators and incorporated in their models, in particular the aggregative and reproductive responses, are realistic and above all adaptive. This is likely to result in erroneous conclusions.
Although predators clearly differ from parasitoids in their individual killing potential and specificity, nevertheless it is the study of the foraging behaviour of the latter that is currently thought by many to be most likely to further the understanding of predator-prey dynamics (e.g. Hassell, 1978) . Thus it is relevant to ask: should predators continue to be regarded as parasitoids with complex life cycles? The simpler life cycles of parasitoids, for good pragmatic reasons, have made them more attractive as experimental animals than predators. However, this does not justify equating predation and parasitism. One objective of this book is to show that although these processes share some features they also differ sufficiently to warrant not lumping predators with parasitoids. Indeed it is only by studying predators that we are likely to determine if and how predator-prey dynamics differ from parasitoid-host dynamics.
The many studies on parasitoid-host interactions have generated a large body of theory built mainly around the concept that populations are regulated by density-dependent processes such as parasitoid-host and predator-prey interactions. In the context of biological control this body of theory has been used (1) to explain when and how natural enemies regulate their host or prey populations and (2) to develop techniques for detecting and evaluating the effectiveness of natural enemies. In general, however, attempts to use the theory of population dynamics to highlight the attribute(s) of effective biocontrol agents have been unsuccessful (Luck, 1990) . However, most models of host-parasitoid interactions assume that hosts are equally acceptable regardless of their quality and the rate at which they are encountered. A parasitoid in parasitizing a host is making a decision that will decide its potential fitness. Therefore, more attention should be paid to the behaviour of the natural enemy, in particular its decision-making (Luck, 1990) . Similarly, it has been suggested that the reason for the poor progress in developing a foraging theory for insect predators is that most studies have concentrated on the most voracious stage, the larva, rather than the adult. For a complete understanding, as with parasitoids, it is necessary to determine the behaviour that is most important in maximizing predator fitness, and this involves studying decision-making by adult predators (Ferran & Dixon, 1993) . That is, another objective of this book is to collate the data in the literature in order to discover patterns and evolutionary constraints. This is used to reveal the factors that have shaped the foraging behaviour of ladybirds and to identify the attribute(s) of an effective biocontrol agent. Although currently not fashionable, such comparative studies of life histories have proved very effective in highlighting patterns and stimulating the study of processes in other groups of insects such as aphids (Dixon, 1998) .
Ladybirds have supplied both the most famous case of biological control and many cases in which they have not proved effective. A comparison of the successful and unsuccessful attempts to use ladybirds in biological control, as has been suggested for parasitoids (Luck, 1990) , is likely to complement the behavioural study of predator-prey interactions and give a better understanding of why some attempts to use ladybirds have been successful and others not. In addition, by highlighting the differences between predation and parasitism it might reveal the common attribute(s) of predators and parasitoids that determines the abundance of their prey and hosts, and so achieve a better and more general understanding of 'predator'-prey dynamics. This is the final objective of this
